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ABSTRACT 


This  report  summarizes  the  instruim  ntation  development  effort 
that  was  initiated  at  the  Arnold  Engineering  Development  Center  to 
effect  plasma  diagnostics  during  the  long-term  testing  of  electrical 
propulsion  systems.  Two  different  ion  beam  sources  were  instru¬ 
mented  to  obtain  the  basic  properties  of  the  plasma,  such  as  the 
electron  temperature,  electron  and  ion  densities,  and  the  space 
charge  potentials.  The  basic  instrumentation  required  to  effect 
preliminary  diagnostics  are  the  "plasma  eater,  "  the  positive  ion 
probe,  the  Langmuir  double  probe,  the  Faraday  cup,  and  the  emis¬ 
sive  probe.  With  these  devices,  it  is  possible  to  obtain  both  integral 
and  differential  measurements  of  the  beam  characteristics.  Analysis 
of  the  data  is  also  included. 
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1.0  INTRODUCTION 


1‘lie  I  MS  1C  obp  t  1 1\ es  ul'  tll«-  1 1 1.^  t  IllllMllt.lt  1 1  <1 1  research  by  tilt  Kiel  - 
trit  .il  Propulsion  Croup  in-  to  develop  i  lift rif.t!  propulsion  diagnost ic 
measuring  and  monitoring  lee  hmtjues  in  addition  to  t  establishing  standard 
procedures  ini'  f.d iln~.it ion,  I'ln-sr  i-c.sc.ucli  efiorts  depend  materiall y 
til  tlif  information  now  obtained  through  tin  a;  w  of  techniques  and  devices 
established  In  this  pr>>g  r.nn. 

I' wo  basic  ion  miui'it.s  wt  it  const ructcd  for  tin-  preliminary  studios. 
Tlif  ost  dialing  elertron  mn  gun  is  a  modified  mass  spectrometer  source 
that  was  obtained  from  Oak  Hidge  National  Laboratories,  The  gun  con¬ 
sists  of  a  filament  providing  an  election  beam,  oscillating  in  a  magnetic 
field,  which  bombards  and  hence  ionizes  the  14.1s.  The  positive  ions  are 
collimated  and  extracted  in  mean-  of  ,-lits  in  the  acceleration  plates. 
\rgon  14.1s  was  initially  selected  because  of  its  high  mass  ami  high  prob¬ 
ability  of  being  singly  loni/eti.  The  operating  system  is  shown  in  Fig.  1. 

Measured  plasma  properties  included  electron  temperatures, 
charged  particle  densities.,  and  space  potentials.  Problems  of  relating 
plasma  properties  to  axial  distance  could  not  be  resolved  because  the 
argon  flow  could  not  be  stringently  regulated.  In  addition,  the  flow  had 
to  be  interrupted  to  reioeati  instruments  along  the  axis  of  the  small 
research  I  ell. 

A  lithium  ion  gun  was  al.  o  designed  and  constructed  to  be  used  as  a 
reliable  ion  source,  producing  singly  ionized  particles  that  were  rela¬ 
tively  free  of  neutrals.  The  ion  gun  was  constructed  from  a  one-inch  by 
one-inch  platinum  mesh  filament  and  coated  with  Meta -eucryptite 
( I  ,i  a  ( )  ■  AlaO;;  •  liSiOa).  Three  accelerating  and  focusing  plates  were 
mounted  between  the  filament  and  the  neutral  i/er  —  a  tungsten  wire  en¬ 
circling  the  exit  aperture.  The  device  is  shown  in  Figs.  2a  and  b.  The 
first  accelerating  plate  was  connected  electrically  to  the  emitter  fila¬ 
ment  and  was  maintained  at  filament  potential,  approximately  1,000 
volts  above  ground.  The  second  plate  was  biased  in  the  range  of  200  to 
200  volts  negative.  The  exit  plate  was  Lied  to  ground. 

The  Bela-eur ryplite  coaling  on  the  platinum  filament  was  fused  to 
a  glossy  solid  condition  by  healing  to  a  temperature  of  approximately 

^Office  of  the  Chief  Sciential,  AKO,  Inc.,  Arnold  Engineering 
Development  Center  (AKDC),  Air  Force  Systems  Command  (AFSC). 
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I  aOOT  ’  Ini'  ma  e r ,il  minutes  .it  |iiv.s.Min  ,s  In  I im  ID  ^  tore.  Tin-  at  eel  era  * 
lion  | » 1 . 1 1  >  >  Hi  it  optically  alipned  Ik  <  I  ii  1 1  i  i  i  ;;  .ill  exit  holes  siiiiiilt.nn  ous|\ . 
Hi.'  .n't  i-l  i It •  i  « •  1  M'lii'in*'  was  iisi-tl  with  ,'t  in. i miiiiiiii  .tt  i  i  It  i  ation  of 
I ,  ODD  \  t  il  t  >  .uni  .i  1 1 1 1 1  i  1 1 1 1 1 1 1 1 1  tit  it  If  i;it  it  hi  putiiiti.il  nf  .ippriixmi.itflN  ‘.hit) 

\  'Its.  In  pri  *  v  flit  f  If  rt  runs  timii  hoiubardmp  tin*  ion  filament.  \  hf;im 
t'l  i  \fi.tl  Imiitli'f  tl  m  it  I'd. tinpf  its  w.is  nht.iiiifil  usinp  tills  sum  it  .it  .i 
filament  temperature  t  >1  approximately  1 .5  ()()”( 

I’  I  it  •  basic  itM'.tiili  till,  .i  l!.i  -  null  -  Imip  In  six-mrli  In  six-inch 
truss  section,  w.is  ni.i  nit  .i  i  n<  -  tl  in  tin  ID”**  lurr  repmii  tint  mp  .ill  upt  r.i- 
tluiis.  This  system  is  slmwii  in  l**ip; .  d. 

A  tlti'ff -  ill r'fft it»n.il ,  pruhf  ti'iiVfi'Si'  s' t . 1 1 1 1 1  w.is  .issf mhlftl,  anti  a 
it  nun.ihlr  plexiplass  tup  alltuvt  tl  uhsu mat lun  of  i  n/.; tiif  operation  ami 
pruhf  iimVf  nif  nts.  Position  n- peatabil  ity  was  satisfactory  Ini'  initial 
research  appl irat ions  usinp  only  uptu.il  al  ipnimiit.  (her  DO  percent  nf 
tin-  itll  vulninr  ruuhl  hi-  probed.  Tin-  prupf  it  if  s  nit  asui'etl  in  the  plas¬ 
ma  hf.un  inrlmlftl  charped  particle  ilist rihutiun  and  densities,  rlcrtron 
tf  inpf  i  atiircs,  anti  plasma  potentials. 


2.0  BASIC  INSTRUMENTATION 


2.1  PLASMA  EATER 

2.1.1  Discussion 

One  nf  tlir  basir  instnimnits  usi-tl  in  the  e xpe rinif ills  tu  mrasurf 
the  rale  nf  fin  w  uf  a  plasma  tliscliarpe  is  I  In  •  "plasma  eater’1  ( I  { i  ■  f .  I). 
r  I  if  tlfvit'c  cunsisls  uf  altc  rnatflv  r  nmif  rtf  tl,  tinsels  sparetl.  metal 
plates  and  is  shuwii  in  Kip.  -I.  In  uur  fxpt'  rinif  nts,  the  plasma  eater 
was  iiSfil  hnth  as  a  collector  and  a  tluuhle  l.anpmuir  pruhe.  The  larpe 
rolleetinp  area  in  a  small  vnlunif  enahleti  the  reconlinp  uf  stable  and 
repeatable  vull -ainpere  eharaele risties  uf  the  relatively  low-density 
arpon  disclia  rpe.  The  simple  eirruil  used  In  obtain  the  rha rarle l  ist  ies 
is  also  shown  in  Kip.  ■! .  Kipure  a  shows  a  typical  vult-ampere  cliarac- 
teristic  curve  uhtaiiied  I'rum  the  probe.  Analysis  uf  the  characteristics 
follows  the  technique  previously  developed  (Held  2).  Since  detailed 
theoretical  baekpround  for  the  use  of  the  floatinp  double  probe  is  avail¬ 
able,  in  the  reference,  only  a  brief  introduction  to  this  theory  wili  be 
discussed. 
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2.1.2  Analyo*  of  Data 


|l  ,t  Maxwell  -  llolt/.mullll  Vi  |m  Its  1 1 1 S  t  dilution  I.*-  .issillllrll,  tile  c.Xpirs 
Mon  fin'  the  tut.ll  positive  ion  run  i-nt  n  ai  liin^  each  platr  is  (fiven  In 


\, 


'• .  "I1 


\ 


K  I  , 


(1) 


where  A  |  and  A  represent  the  sum  of  the  collect  niff  areas  of  the  two 
sets  of  plates,  1(.  |  and  !,,•»  I  •  present  the  !'<  Spectis  e  electron  CUITt  Ills', 
V]  and  V  •>  equal  the  lespi  it’.Se  plate  Voltages  with  respect  to  the  plas¬ 
ma,  and  I',,  is  the  electron  temperature.  The  potential  distribution 
between  two  adjacent  plates  is  shown  m  h'ljf,  f » .  Since  the  sum  of  volt¬ 
ages  around  a  closed  loop  equals  zero, 

•  \  V  "  (2) 


Combining  this  result  with  the  equation  for  1  i,,  and  taking  the  logarithm 
\ lelds 


W  llel'e 


■  '  A  )  |  Mil 


(•'*) 


and 


K  I  , 


',1 , 


■•'I' 


,  A  I 


I'his  is  an  e(|iiatiou  of  a  straight  line  when  plotted  on  semi-lojf  paper. 


'1  l  ' 

A  plot  of  “  L  -  I  Vs  V,j  has  a  slo|)e  of  -  , 

i ,  .o  b  1  e 

(I  i  reel  I  \ .  I''i|4ure  a  shows  a  typical  volt-ampere  characteristic  from 
Alp 

which  values  of  -  1  were  obtained  and  (dotted  in  Kitf.  7.  The  slope 

1  e  Id 

yields  an  electron  temperature  of  1  lid ,  ()()()°K .  The  electron  tempera¬ 
ture  was  also  calculated  by  the  equivalent  resistance  method  (Ref.  2). 
Kquulion  (d)  may  lie  written  as: 

M) 


s  determining  T(. 


i.j 


'  i1  <  -  -  </j  \  ,i )  i  i 


Differentiating  i(,n  with  respect  to  V(|  and  evaluating  at  Vq  0  yields 


■IV 


\,I  0 


1 1' 


(5) 
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Solving  fur  l‘,.  .uni  subslitut  mg, 


.1.00  "  (1.,  'IV  1 

(  .'  •  I  •  ‘  \  1  -i >  i 


Let  (. 

I  •  .( 
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\  II 


then 
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Il.lilHI  It. 


II 


(I.) 
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.1.1.00  I  (.  (.-  I  (II,  i.1,,)  II 


1 1  1 


\  ,  n 


K0  2.22  \  10  ohms,  .uni 
with  results  from  tin-  semi- 
probe  geometry,  ion  density 

u  ,  I"  I,  1 
\  In  ... 


Te  1  lid .  ()(K)°K  ,  which  agrees  quite  Well 
lop  plot.  |,‘rom  electron  teiuper;iUire  ami 
and  floating  potential  ran  be  eal ciliated: 

Jon  \,.hs 


(7) 


I.  II  V  I"' 

\ 


where 

As  9d  cm2 


i  -li 

I.H  v  in' 


do 


l'’or  several  argon  flow  rates  and  probe  positions,  ranges  of  electron 
temperature  and  densities  were  determined  as  7a,  ()()()  to  22a,  ()()()°K 
and  l(H  to  ID'1  ion/ cm2,  respectively,  with  a  total  acceleration  of 
(i()()  volts. 


Axial  plots  of  electron  temperature  would  have  been  useful  in 
defining  the  plasma  discharge,  but  they  could  not  lie  accurately  made 
because  of  poor  copulation  of  the  argon  flow. 


2.2  POSITIVE  ION  BEAM  PROBE 

The  positive  ion  probe  (Ref.  d),  as  shown  in  Kip.  li,  consists  of 
Beta-eucryptite  fused  on  a  strip  of  platinum  gauze,  two  focusing  grids, 
and  a  collector  plate.  Representative  plots  of  collector  current  as  a 
function  of  the  acceleration  potential  are  shown  in  Kig.  9.  With  the 
plasma  present,  there  is  negligible  ion  .Biansmission  until  Vmjn  is 
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.ilt. mu’ll.  At  tin.-  | »* »i nt ,  tin  1 1  i  ,i  rapid  mi  i  i-.i.si-  in  transmission  until 
\' i m .1  x  1  s  I'' ' 1  lu‘l,  lUii  i’i1  i  olli  t  tur  i  urri’iit  is  the  sainr  ns  with  no 
plasma  pri’M’iit.  lla  plasma  put  i  nt  I  al  is  lahi’ii  ns  thf  value  of  accelera  - 
tiun  puti nt i a  1  wlii’i  i  tin-  half  maximum  collector  current  is  transmittril. 

lhi-  m  a  \mi  im  i  ul  h  •  tur  •  u  I’l  i  nt  with  plasma  present  was  increased 

i In >\  i  tin  i •  \ pi  i  'a  1 1  v  a  1  1 1  w  1  i  ii  run.  Wi  t  '  math’  at  pin  s s u in  s  .iIjiiVi • 

111  ^  (i'll  ,  I'  h  1  >  I  >1  IM  ■  I A  I  d  I  I  al'ai  1 1  ’  I  1 .  1 1 1  War  pi’  i  dial  >1  \  t'aUSt  i  i  h\  111  - 

i  I'i  and  lull  1 at  Ii 'll  i '!  I  >a  i  I-,  p  I  u  1 1 1  I  pa  e  ,  |u  i  ■  1 1  s  1 1 '  i  •  that  till'  collector 

shielding  ut  tin  lull  plobi  Wa  .ideiju.ile,  tin  pillowing  procedure  W’aS 
lin’d  Ill-lull  I’ai'h  1 1  .  t  1  III.  1  hi-  .ilgoll  lull  tluW  WaS  I’St.lhl  IS  Ill’ll,  .111(1  tile 
pus  1 1 1  \  i  iuii  prui  ii  ■  upi  i  atfd  as  usual  throughout  thr  acceleration  poti’i)  - 
tlal  l  a  1 1  u  *  ’ .  hut  With  thr  pluhi-  heater  current  uff,  Negligible  rollrrtur 
i  urn  lit  Was  observed.  Ida  range  uf  plasma  putrlitlal  fur  these  eXpel’i- 
nii’iits  was  fruin  100  tu  L’L'O  \  lilts.  Tin  must  reproducible  vul l  - ampi ' ri 
rhal’ai  trl’lst  |I  .  Were  made  at  lower  pressures,  luWrl’  plasma  densities’, 
and  thus  luWi-r  plasma  potentials. 


2.3  LANGMUIR  DOUBLE  PROBE 

2.3.1  Discussion 

A  srm l  -  autumat  ir,  l.aipm  in  ,  duuhlr  piuhr  circuit  was  also  used 
in  probing  tin-  1 1 1 s rha rpi ■  (Kip.  10).  Tin-  problem  uf  isolating  the  float¬ 
ing  eireuitr\  frum  ground  was  solved  to  a  degree  that  ion  rurrenl  rom- 
pensatiuii  was  nut  necessary.  .since  the  double  probe  plates  were  subject 
to  ionic  bombardment  while  a  volt-ampere  characteristic  was  being 
made,  the  'ion  current  '  leak,  ge  to  ground  resulted  in  a  zero  shift. 
However,  this  shift  was  minimi/.ed  l>\  careful  shielding  and  isolation 
of  the  flouting  circuit  and  was  dialed  out  in  the  \Y  plotter.  Instruments 
(I)  and  (V)  wen-  Keitldy  Model  liOO.A  eleetronielers,  Aj  and  An  were 
Dynamics  Model  dl  1-10  d-e  Isolation  amplifiers.  To  obtain  a  volt-ampere 
eharaeterist  je,  Sj  was  held  closed  momentarily  and  then  released,  pro¬ 
viding  an  exponent  ial  I  \  decaying  voltage  sweep  from  *  150  to  -  1  50  volts 
with  a  time  constant  of  approximately  d  seconds.  W  hile  the  time  of  the 
voltage  sweep  should  be  kept  as  short  as  possible,  noticeable  a-e  cur¬ 
rent  was  passed  through  the  capacitive  geometric  ar rangement  of  the 
plates  al  liipher  sweiji  rates.  A  typical  characteristic  is  shown  in 
Kip.  1  I. 

2.3.2  Analysis  of  Data 

The  basic  relations  facilitating  analyses  to  obtain  plasma  proper¬ 
ties  from  this  example  are  as  shown  on  the  following  page. 
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Klertron  temperature; 

I » ■  * l u i ^  .lien! 

I,  1 1.1.00  i(.  l/i  |{,  !i  (resistance 

method 


(.  V"  v-  » 


It  ,  I,  , ,  filial  111..  .Ill'  ^  It  ■  •  V\  II  III  I  1 1. . 


I,  711. '.on  k 

I'sin^  thi'  approximate  expression  l'ur  float  in;;  potential,  \'|*  (with  respect 
to  space  potential). 


where 


T,.  has  been  calculated, 

T.,  is  taken  as  the  emission  temperature  of  Heta-cucryptite, 
approximately  1  7(K)°K 

Mp  is  a  mass  of  a  lithium  atom 


l.  in  v  in"'"  <  :,ir.  x  in*  .  -.ir,  x  in*  .  i.  ,  x 


i.i,  »  nr" 


1.7  v  IH  x  'I.I  x  III' 


(.0  Mill. 


Ion  density  is 


N'  L 


where 


As  is  taken  as  the  arca'of  the  rectangular  plates,  approximately 
01  d 0 5  cnr 

i(>2,  as  before,  is  11  x  10”^*  amp 
i //  is  an  accumulative  constant  1.3*1  x  10~” 


Thus, 
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Volt-ampere  characteristics  wrrr  repeatable  il  tin  plasma  Mourn 
was  not  altered. 


2.4  FARADAY  CUP 

2.4.1  Ditcutiion 

Faraday  cups  are  small  "point  1  roll*  etors.  The\  consist  of  an 
enclosure  with  a  small  opening  point  toward  the  discharge  are  con¬ 
taining  several  biasing  ^rids  so  that  a  particular  charged  particle  can 
he  detected  on  a  collecting  plate. 

A  Faradav  cup  was  designed  and  constructed  to  measure  ion  den¬ 
sities  din  ctly,  and  also  to  serve  as  an  indication  of  neutral  particles 
m  the  beam.  1  he  schematic  of  the  Karaday  cup  is  shown  in  Fi^.  12. 
The  No.  1  screen  was  biased  to  suppress  electron  entrance  to  the  cup. 
I'he  No,  2  screen  was  biased  to  suppress  secondaries  from  the  first 
plate.  Ion  impingement  was  monitored  through  an  electrometer  at  the 
first  plate.  The  diameter  of  the  device  was  2/H  inch,  and  the  length 
was  2/ -I  inch. 

2.4.2  Analysis  of  Data 

Calculation  of  ion  density  is  shown  below; 

•A  '  U  \  ' 

or 

j,  \ 

'  \  M 
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For  thf  above  example,  wlifit  llir  Langmuir,  duubli  probe,  volt- 
;mi|n  tv  t  h  •:  at  IrriMii  was  anul\/.cd,  tin-  Karatlas  t  up  was  located  in 
tlif  saim  neighborhood  of  tin-  double  probe  platfs.  Tlif  collector  cur¬ 
rent  was  -1.2  x  10"'*  amp,  and  tlif  ait deration  voltage  was  22a  volts. 
Thus, 


\ 


i.  .in  1  . 


.  i  ii 


l  • 


I  .  I  »  l'»* 


i  >>n 


•  m 


(17) 


While  this  t  dm  i.s  almost  an  m  di  r  ul'  magnitude  larger  than  tlif  t  al- 
i  ulati  d  douhlf  probe  value,  it  |>  li  lt  that  tin  agn  ement  IS  good  t'oil- 
s idi- 1' i up;  tlif  ai'i  urai  it  s  of  thf  nn  asuri  d  parametc rs,  tlif  slight 
dilTfri'tiff  in  location  of  tlif  two  devices,  and  tlif  finitf  tinif  rc(|iiircd 
to  ohtain  tlif  tiouhli-  probe  charartcriMir.  Sinn-  collection  of  the 
Faraday  flip  t  an  hi-  variftl  through  tvrtain  bias  ranges  of  tlif  two 
fontrol  screens,  tlif  calibration  t  <  - 1  h  i  i  i<  ]  ti « ■  for  proper  iiso  of  this  col  - 
Ifftor  is  given  In-low. 


In  Fig.  Id  a  range  of  voltage  was  applietl  to  the  suppressor  screen 
for  several  discrete  negative  voltages  on  the  electron  suppressor 
screen  (No,  1).  The  bias  combination  that  resulted  in  constant  col¬ 
lection  on  the  No.  1  plate  was  selected  as  the  proper  bias  arrangement 
for  direct  ion  current  measurement.  The  impingement  on  the  No.  1 
and  No.  2  screens  was  observed  to  be  negligible  compared  to  the  ion 
current  at  the  No.  1  plate  (  2  orders  of  magnitude). 

An  attempt  was  made  to  measure  neutrals  in  the  beam  with  the 
Faraday  cup.  The  \().  2  and  No.  1  screens  wen  biased  positively  and 
negatively,  respectively,  until  negligible  collection  was  made  on  the 
first  plate.  The  tungsten  wire  was  then  brought  to  emission  tempera¬ 
ture  and  collection  was  observed  on  the  second  plate,  which  was  biased 
negatively  approximately  10  volts.  This  collection  was  a  result  of 
ionization  of  the  residue  pas  and  was  not  noticeably  dumped  when  the 
discharpe  was  interrupted.  This  observation  indicated  that  there  was 
a  very  small  percentape  of  neutrals  in  the  discharpe. 

Tlie  pross  effect  of  beam  neutralization  by  electron  injection  has 
been  observed.  The  2a-  x  0-  x  fi-inch  vacuum  chamber  was  electrically 
floatinp  from  ground.  Four  steady-slate  modes  of  operation  were  in¬ 
vestigated;  floating  the  chamber  with  the  neutralizer  on  and  off,  and 
grounding  the  chamber  with  the  neutralizer  on  and  off. 

The  results  of  sweeping  the  discharpe  with  the  Faraday  cup  in 
these  four  modes  of  operation  arc  shown  in  Figs.  14  and  15.  For 
these  collections,  the  No.  1  plate  was  biased  approximately  10  volts 
positively,  to  cause  a  return  of  secondary  electrons.  The  No.  1  and 
No.  2  screens  were  floating,  and  the  outer  shield  was  floating  for  all 
applications  of  the  Faraday  cup. 
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III  .1  tl  e.illlii  lit  lit  till'  |  'li  >1 1|  i  III  of  t  Uni  null  peiidi  lit  mixing  I'm  the 
iiij<  i  timi  nl  i  li»  ti  ini-'  with  .ui  imli.i!  vi  I m' it \  distribution  (Ibf.  I),  .1 
mi| nt nni  i.s  , ill  1  1  i  ll  I'm'  imi  .nn!  1  li  i  1 1  mi  ill. si  1  ilmt imi.s  ,n  ro.s.v  .1  ,s|,tl>  u| 

.1  i||M  ll.il'g  1  V.  In'  I  1  i  li'i  1 1' ui l.s  1 1.1  V  1  1 11  1  11  1  in  It  I  i'll  .1!  tin  edge  nl  tin  lull 
In. ill!  1 1 1 1 1 1 1 1  dlately  alter  11  1  1  Nl.it  lint  h|  tin-  inll.s, 

,  ^  .  1 1  \  *  \  *  v |.  1  r  *  .||  I  (li') 

I  nl  1  ' 


till'll  X 

u  lii  re  2  \  1 1  it  .tl  v\  nitli  nt  In. mi  (si  r  Fig.  III). 

There  .III'  1 1  HI  r  gem  l.il  types  nl  sn|  lit  Inll.s  for  thi'M  I'(|u;it  inll.s  ,  mill 
these  ri'Milts  ,Uf  repeated  in  l*‘l/: .  17.  Solution  I  always  applies  when 
i\(./Nj  is  less  tli. 111  I.  Solution  2  is  unstable,  bring  t •  i •  i t i t • :  1 1 1  n  dependent 
oil  initial  lie. mi  width.  As  N,./N|  heroines  greater  than  I,  Solulions 
I,  2,  2,  or  I  i.ni  apply.  Solution  •’(  is  shown  as  .1  double  mode  solution 
to  demonstrate  that  higher  mode  solutions  are  possible.  Solution  -1  is 
a  stable  mode  but  may  decay  into  a  Type  1  or  Type  .1  solution  and  should 
lie  termed  only  ina  rg  ina  1 1  y  stable.  It  is  also  shown  that  there  exists  a 
maximum  \  able  of  N,  /  N  (  bey  mid  w  h  ich  a  ly  pi  I  soli  it  inn  t  a  mint  exist . 

Tile  Faraday  cup  has  been  previously  described  as  bring  used  as  a 
point  collector  to  make  calorimetric  measurements  throughout  the  dis¬ 
charge  region  during  the  four  modes  of  floating  and  grounding  the 
chamber,  with  and  w  ithout  the  use  of  the  neutral  i/er.  This  technique 
is  crude  111  that  no  absolute  values  can  he  established  for  ion  and/or 
(•led  roll  number  dens ilie.s .  However,  the  results  predicted  by  the  re¬ 
search  group  of  NASA  (Kef.  -1),  described  above,  and  the  efficiency  of 
the  neutral  i/.ation  scheme  could  lie  observed  by  this  technique.  The 
results  of  sweeping  the  discharge  with  the  Faraday  cup  in  these  four 
modes  of  operation  are  shown  in  Figs.  1-1  and  la.  Comparing  the  re¬ 
sults  in  Figs.  1-la  and  h  shows  that  in  the  grounded  environment  the  ion 
beam  is  broadened  when  electrons  for  neutralization  must  he  provided 
from  secondaries  from  ground  or  charge  exchange  through  the  residue 
gas  as  in  Fig.  Mb.  Figures'  Fla  and  1  ha  show  the  third  solution  of 
Hqs.  (18)  and  (lfJ)  and  show  a  marked  dependence  of  the  ion  beam  on 
the  neutralizer  to  establish  a  discharge  with  densities  comparable  to 
those  in  a  grounded  environment  when  compared  to  Fig.  15b. 
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2.5  EMISSIVE  PliOBE 

I  II.  emissive  probe  u.st  cl  was  a  1/tl-inch,  five-mil  tungsten  wire 
exposed  through  thr  .'till  of  a  double  hole  ceramic  lulu-.  Th.'  element 
was  brought  to  emission  temperature  and  a  variable  positive  potential 
applied.  With  this  potential  at  /.ero  and  the  element  at  emission  tem¬ 
perature  within  the  plasma,  the  element  emits  electi  ons  to  the  positive 
space  potential.  As  the  voltage  on  the  emissive  element  is  increased, 
the  emission  remains  limited  until  the  plasma  pot«  ntial  is  approached 
where  it  pusses  to  space  charge  limited  emission  and  goes  to  zero  as 
the  applied  voltaic  eipials  the  space  potential. 

The  introduction  of  electrons  into  the  plasma  stream  can,  of 
course,  affect  the  neutralization  of  the  discharge  and  quite  possibly 
alter  the  mode  of  the  discharge,  that  is,  from  Solution  1  to  Solution  3 
of  Fqs.  (l.'l)  and  (1!*).  For  these  reasons,  tin  emission  was  held  at 
least  one  order  of  magnitude  below  the  N,.  or  N,  of  Fqs.  (ill)  and  (19). 
Thus,  the  positive  section  of  tin  volt-ampere  curve  normally  obtained 
with  a  single  Langmuir  probe  was  obtained  in  the  same  order  of  mag¬ 
nitude  as  the  emission  of  electrons.  Therefore,  this  Langmuir  cur¬ 
rent  was  obtained  with  the  emissive  probe  with  the  element  not  at 
emission  temperature,  but  with  some  heater  current  just  below  an 
emissive  value  in  an  effort  to  preserve  a  constant  work  function  of 
the  collecting  element.  A  typical  graphical  solution  for  plasma  poten¬ 
tial  using  the  emissive  probe  is  shown  in  Fig.  111. 

An  approximation  of  the  floating  potential  is  obtained  if  the  log¬ 
arithm  of  curve  (’  is  plotted  and  the  asymptotes  are  drawn  through 
the  emission  limited  and  the  space  charge  limited  regions.  There 
has  been  no  criterion  set  on  emission  temperatures  of  the  emissive 
probe;  therefore,  a  variation  of  heater  current  to  the  probe  would  shift 
the  intersection  of  these  asymptotes  appropriately. 

An  experiment  was  performed  to  determine  the  degree  of  correla¬ 
tion  possible  between  space  potential  measurements  with  the  positive 
ion  probe  and  differential  space  potential  measurements  with  the  use  of 
an  emissive  probe.  The  lithium  ion  probe  yields  a  measurement  of  the 
maximum  positive  potential  (</»  x  in  Fig.  1(>)  that  the  ions  must  tra¬ 
verse  in  order  to  be  collected.  Location  of  this  point  in  any  cross- 
sectioned  slab  is  uniquely  determined  by  use  of  the  Faraday  cup 
described  above.  From  the  emissive  probe,  one  obtains  the  local 
space  potential  in  the  neighborhood  of  the  emissive  element. 

'The  positive  ion  probe  was  employed  just  before  and  just  after  the 
sampling  with  the  emissive  probe  and  with  the  emissive  probe  removed 
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front  tin*  area  ol  this  i  i  o,n ,s  ,M-rl uni,  Although  tin  m  witi  several 
minutes  of  tilin'  bit  wont  tin-  sumpl  nigs  with  tin*  positive  ion  probe, 
the  characteristics  were  repeatable  with  a  variation  of  a  percent 
measuring  a  maxiimnn  potential  in  the  beam  of  approximate! \ 

Kit)  volts.  The  reilueeil  data  of  the  emissive  probe  indicated  a  poten¬ 
tial  of  approximately  lad  \n|t.s.  Kims  were  m  ide  through  the  day,  and 
values  were  taken  at  a  i  r<>ss  m  •  tnm  approximately  three  ami  a  half 
inches  from  the  source,  with  a  di.-u  liaise  of  approximately  7a  mill i- 
amperes  net  into  the  gruumh  .1  chamber  with  the  nmitrali/i  r  off  and  an 
acceleration  of  700  volt.*..  These  sample  values  wvr  •  repeatable  with 
a  variation  of  approximately  10  percent. 

3.0  SUMMARY  OF  RESULTS  AND  CONCLUSION 


Two  different  sources  of  direct -current  plasma  discharges  have 
been  investigated.  The  instrumentation  of  these  discharges  was 
directed  toward  familiarization  and  development  of  ''standard"  meas¬ 
uring  teclmicpies  and  methods  of  analysis.  The  most  encouraging 
developments  Were  the  decrees  of  correspondence  obtained  between 
different  probes  monitoring  the  same  plasma  property.  The  correla¬ 
tion  of  Langmuir  probe  and  I'ara  lay  cup  measurements  of  ion  density 
is  thought  to  be  (jinte  accept  able ,  i  oils  ide  ri  ng  the  individual  accuracy 
and  reliability  of  each  instrument. 

Both  devices  are  limited  in  their  usefulness  in  probing  very 
dense  and  energetic  ionized  discharges  because  of  loss  of  the  probe 
material.  Of  course,  any  probe  that  must  be  placed  within  the  dis¬ 
charge  will  disturb  the  |)lasma  flow  by  particle  interception  and  by 
field  interaction,  thereby  possibly  chancing  the  properties  that  the 
probe  is  attempting  to  measure. 

The  correspondence  between  the  emissive  probe  and  positive  ion 
probe  in  the  measurement  of  the  maximum  beam  potential  is  thought 
to  be  most  worthwhile  since  by  the  use  of  the  positive  ion  probe,  a 
plasma  property  and  the  general  behavior  of  the  discharge  can  be 
observed  without  the  introduction  of  a  foreign  material  into  the  beam. 
The  possible  problem  of  particle  interaction  with  the  use  of  the  posi¬ 
tive  ion  probe  is  now  being  investigated. 

The  lithium  source  and  its  vacuum  system  will  be  operated  as  an 
instrument  calibration  rig.  It  is  felt  that  a  valuable  experiment  has 
been  established  where  plasma  properties  are  measured  by  several 
devices  and  correlation  of  these  properties  can  be  made  to  an 
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acceptable  decree.  Ain  new  tcehniipic  or  device  that  will  hr  developed 
lor  use  in  brain  studies  ran  I >« •  evaluated  In  comparison  to  measure¬ 
ments  made  in  the  instruments  diseussed  in  this  report. 
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Fig.  2  Lithium  Ion  Cun 
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Three-quarter  View 
Fig.  2  Concluded 


Fig.  3  Lithium  Discharge  System 
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)  K lor tron  spare  current  in  the  plasma 

adjacent  to  plate  No.  I 

j  t)  -  Klee tron  spate  current  in  the  plasma 
adjacent  to  plate  No.  2 

V|  Plate  to  plasma  potential,  plate  No,  1 

V.;  Plate  to  plasma  potential,  plate  No.  2 

Contact  potential  oi  plasma 

Vj  Probe  voltape 


Fig.  6  Gcncrol  Potential  Diagram  between  Plates 
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Fig.  8  Positive  Ion  Probe 
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Positive  Ion  Probe  Chorocterist 
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Fig.  10  Floating  Double  Probe  Circuit 
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Fig.  13  Foraday  Cup  Biasing 
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Fig.  17  Possible  Potential  Solutions,  Eqs.  (18)  ond  (19) 
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Fig.  18  Graphical  Solution  of  Emissive  Probe  Data 


